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TERRESTRIAL MAGNETISM.—Preliminary results of a first 

analysis of the sun’s general magnetic field... L. A. Bauzr, 

' Department of Terrestrial Magnetism, Carnegie Institution 
of Washington. 


The question whether the sun, like the earth, is surrounded by 
a magnetic field, received renewed interest from Hale’s certain de- 
tection in 1908 of magnetic fields in sun-spots, by means of the 
effect of magnetism on light discovered by Zeeman in 1896. Pre- 
vious investigators had shown that for a direct magnetic effect 
attributable to the sun to be readily measurable on the earth, the 
sun’s magnetic moment would have to reach a very large fig- 
ure. Accordingly our surmises hitherto have had to be confined 
exclusively to certain phenomena exhibited by the coronal stream- 
ers and motion of solar prominences, and by polar lights and 
magnetic perturbations. 

It is a source of extreme satisfaction, therefore, that the means 
were given Hale to institute a direct attack and undertake the 
systematic detection of a possible general solar magnetic field, 
employing the same method which had proved successful in the 
case of sun-spots. As the probable field-intensity now was on 
the order of about one-tenth to one-hundredth of that encoun- 
tered in the spots, the instrumental difficulties seemed almost 
insuperable. The observed displacements of the spectrum lines, 
to be ascribed to the sun’s general magnetic field, are, in fact, 
found to be so small that but for the superior instrumental appli- 

1 Presented before the Philosophical Society of Washington, November 22, 1913. 
To be published more fully in J. Terr. Mag. and Atmos. Elec., 19. 1914. 
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ances and refined methods employed, they would have been re- 
garded as falling within the limits of error of spectroscopic 
work. After a very laborious investigation extending over sev- 
eral years, in which various persons took part, and instrumental 
appliances were employed such as are only to be had at the 
Mount Wilson Observatory, Hale felt justified in making some 
announcement of the results obtained. His report on his ‘“‘pre- 
liminary results of an attempt to detect the general magnetic 
field of the sun” was published in the July 1913 number of the 
Astrophysical Journal.? 

All observations have been made thus far with the slit of the 
spectroscope set on the sun’s central meridian. The measured 
displacements, suffered by the lines of the solar spectrum when 
the glowing vapors, from which they originate, pass thru the 
magnetic field, are those due almost exclusively to the component 
of the field at right angles to the sun’s axis of rotation. The 
reason for this is a two-fold one: First, the terrestrial observer 
of solar phenomena is nearly always in the plane of the solar 
equator so that his line of sight is practically always perpendicu- 
lar to the sun’s axis of rotation. Twice a year, about Decem- 
ber 5 and June 3, it is exactly so, and midway between these 
dates the maximum deviation from perpendicularity is but 7°15’. 
Secondly, the certain detection of the small displacements must 
at present be confined, because of the comparative weakness of 
the field, to the Zeeman effect obtained when looking along the 
lines of magnetic force. The detection of the effects at right 
angles to the lines of magnetic force, and the possibility of thus 
measuring also the component of the sun’s magnetic field par- 
allel to the axis of rotation, appears almost hopeless. Altho 
the solar magnetician is therefore not able at present to map 
the magnetic forces prevailing over the sun with the same com- 
pleteness and definiteness as can be attained with respect to the 
earth’s magnetic field, Per ee much has already been 
accomplished. 


?See also his preliminary note in J. Terr. Mag. and Atmos. Elec., 17: 173. 
1912. 
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In Hale’s published report, the Zeeman displacement which 
had been detected with sufficient certainty, was tabulated for 
various heliographic latitudes for the three lines: \5812.139, 
45828.097 and \5929.898, all of which probably originate at com- 
paratively low levels on the sun. The present analysis is based 
entirely on these published data and, since these are designated 
by Hale as preliminary ones, the results derived accordingly from 
this analysis must be regarded as wholly preliminary and as 
likely to be superceded by later ones which may be based upon 
more extensive observations. The prime purpose here has been 
to ascertain if precisely the same method of analysis be employed 
for the solar magnetic data, as for the terrestrial magnetic data, 
some indications, at least, are obtained to show whether or not 
the magnetic fields of the two bodies follow somewhat analogous 
laws. In order to obtain strictly comparable data, it was neces- 
sary to make at the same time a fresh analysis of the earth’s 
magnetic field on the basis of the same magnetic component in- 
volved in the solar data, and applying to the region 60° north 
to 60° south. 

The chief results deduced from this first analysis of the sun’s 
general magnetic field are: 


1. The magnetic axis, as determined from the published data between 
the parallels 60° north to 60° south and for the four series of observations 
between January 1912 to February 1913, is found to be inclined, for the 
sun, 9° to 12° to the axis of rotation. The same angle of inclination 
for the earth was 11°6, in 1885. 

2. The sun’s magnetic field is asymmetrical about the equator in 
much the same manner and in the same direction as is that of the 
earth. It is quite possible that the sun’s actual magnetic poles, or 
equivalent points, as in the case of the earth, will be found not to be 
diametrically opposite each other. 

3. The analysis determined four instants, distributed over a year, 
when the north end of the sun’s magnetic axis was on the central me- 
ridian. Since a whole number of rotations of the sun must have oc- 
curred during the intervals between the four instants, it was possible 
to determine a period of rotation which applies, perhaps, to the sun as 
a whole, instead of to the surface, as is the case with the methods hith- 
erto used. The synodic period of nearly 33 days which represented 
the present magnetic data best, differs considerably from the period 
usually regarded as the solar rotation period. It will therefore be highly 
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important, from a cosmical standpoint, to test the new period as soon 
as additional series of observations are available. It may also play 
an important part in the discovery of the cause of the sun-spot cycle, 
however, the period obtained must be regarded at present as but a 
preliminary one. 

4. It is found that the solar magnetic field is as complex as that of 
the earth and that the distorting or disturbing systems which are super- 
posed upon a primary, simple magnetic field follow laws very similar 
to those disclosed in the study of the terrestrial magnetic field. Thus, 
for example, the plane containing the magnetic axis of the sun is dis- 
placed in passing from the northern to the southern hemisphere in 
precisely the same direction, eastward (in the direction of rotation), as 
was found to be the case with the earth’s magnetic axis. Accordingly, 
to give the requisite precision to the term “magnetic axis,” the region 
from which it is determined must be carefully stated, as well as the 
method employed for fixing its position. 


The close analogies that thus appear to exist between the 
magnetic field of the sun and of the earth, coupled with the fact 
disclosed by Hale that the magnetic polarity of the sun corre- 
sponds to that of the earth, may possibly indicate, since the direc- 
tion of rotation of the two bodies is the same, that the origin of 
both magnetic fields will have to be referred finally to similar 
causes. In any case, the fact that the sun’s field turns out to be 
as complex and as irregular as that of the earth and that these 
apparent ifregularities follow similar laws for both bodies, would 
seem to strengthen the conclusion already reached in the investi- 
gation® of the terrestrial magnetic field, that it may not be neces- 
sary to refer the cause of the non-coincidence of the magnetic 
axis with the axis of rotation chiefly to heterogeneity of structure 
of the bodies under discussion. 


* A consistent theory of the origin of the earth’s magnetic field. This Journal. 
3:1. 1913, and On the origin of the earth’s magnetic field (Phys. Rev. N.S., 
1: 256. 1913. 
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RADIOTELEGRAPHY.—Further comparison of arc and spark 
radio transmission. L. W. Austin, U. 8. Naval Radio Tele- 
graphic Laboratory. 


In order to make a comparison of the relative desirability of 
are and spark transmission under summer conditions, a ‘est was 
carried on between the Arlington station and Colon during the 
months of July and August of the present year. This time was 
chosen for the test on account of the fact that the signals are 
weakest at this period of the year, while at the same time the 
atmospheric disturbances are the strongest, so that the test may 
be considered as carried on under the most trying conditions. 
Hitherto all the long distance tests carried on by the Navy De- 
partment in connection with Arlington have been made during 
the winter months, when atmospheric disturbances are at a min- 
imum and all conditions are favorable to long distance trans- 
mission. It was especially wished to miake a comparison of the 
relative desirability of arc and spark transmission under summer 
conditions in order to determine whether the conclusions favor- 
able to the arc, which had been drawn from the Arlington-Salem 
tests, would be supported. 

For this work a 100 k.w. Poulsen are belonging to the Uni- 
versal Radio Syndicate was available for comparison with the 
regular rotary gap set of the Arlington station. The regular 
experiments began on July 25. The distance from Arlington to 
Colon is 1780 nautical miles. From the formula deduced from 
the Brant Rock experiments, the Arlington signals, at a wave 
length of 4000 meters, should be faintly audible at this distance, 
using a sensitive crystal detector and an antenna 200 feet high. 
As a matter of fact, the signals are just below audibility with 
ordinary detectors, as is shown from their strength on the more 
sensitive ticker. This fact may be due to the passage of the 
waves over Cuba, or to other conditions of transmission in this 
portion of the world. 

The receiving work at Colon was done by Chief Electrician 
Meneratti, assistant at the Naval Radio Laboratory. The re- 
ceiving apparatus used consisted of a Federal receiving set, which 
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is especially efficient at the longer wave lengths, a slipping con- 
tact ticker, and a Fessenden heterodyne. The regular antenna 
of the Colon station, 180 feet high and of about 0.004 mf. 
capacity, was used for the work. The arc signals were sent out 
from Arlington at wave lengths of 4000, 5000, 6000 and 7000 
meters. Two wave lengths were used with the spark, 3500 meters 
and 2500 meters. The latter, however, proved so unsatisfac- 
tory at this distance that its use was abandoned after the first 
few days. 

On account of the continuous atmospheric disturbances quan- 
titative comparisons were of little value. The following table 
gives the number of schedules sent at the various wave lengths, 
and the corresponding number received: 


| TOTAL SCHEDULES SCHEDULES HEARD 


LENGTH CURRENT AMP. | | y 
Day | Night Day | Night 


are at 7000 meters, every schedule being successfully received. 
The same is true of the 5000 meter arc waves, but in this case all 
the work was done at night which prevents its being properly 
compared with the other schedules. The 4000 meter arc and 
the 3500 meter spark waves, which may be fairly compared, were 
received with the same degree of regularity and were of approxi- 
mately the same strength as compared on the slipping contact 
ticker. In this connection it must be remembered, as will be 
explained later, that while 90 per cent of the spark schedules 
were weakly audible on the heterodyne or ticker, practically 
none of the messages were readable. It appears from the report 
that 50 per cent of all the arc messages sent at the various wave 
length, that is, 6& per cent of the arc schedules heard at all, 
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would have been completely readable by double repetition. The 
very poor showing of the 6000 meter wave, compared with the 
4000 and 7000 meter waves, is probably due to a defect in the 
receiver at this wave length. 

One of the most interesting portions of the work was the study 
of the behavior of the ticker and heterodyne under the condi- 
tions of continuous atmospheric disturbance at Colon. The re- 
ports indicate that the heterodyne is somewhat more sensitive 
than the ticker, but that the difference is not very great. With 
spark signals the note produced by both is unmusical and diffi- 
cult to distinguish from the atmospherics, and both are inferior. 
to a good crystal detector in receiving weak 500 cycle signals 
thru continuous atmospherics. With are signals, however, the 
case is entirely different. Here the slipping contact ticker pro- 
duces the same rustling sound as in the case of the spark, but 
the heterodyne produces a musical note of any pitch found most 
suitable for reading thru the disturbances. 
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ABSTRACTS 


Authors of scientific papers are requested to see that abstracts, preferably 
prepared and signed by themselves, are forwarded promptly to the editors. Each 
of the scientific bureaus in Washington has a representative authorized to for- 
ward such material to this journal and abstracts of official publications should 
be transmitted thru the representative of the bureau in which they originate. 
The abstracts should conform in length and general style to those appearing in 
this issue. 


GEOPHYSICS.—The hydrothermal formation of silicates, a review. 
Grorce W. Morey and Paut Nieeu. J. Am. Chem. Soc., 36: 
1086-1130. 1913. - 

This is a discussion of the theoretical principles underlying the be- 
havior of water-silicate systems at temperatures ranging up to 500°, 
followed by an’annotated bibliography in which are assembled all of 
the data relating to hydrothermal syntheses. These data unfortu- 
nately afford practically no reliable quantitative information; quali- 
tatively, even, they leave much to be desired, for many minerals have 
been obtained but once by a given investigator, in a manner which was 
not reproducible and under conditions which were not specified. The 
minerals which have been most commonly obtained are chiefly those 
which are stable—or at any rate phanerostable—over a wide range of 
conditions; for example, quartz and the feldspars. In all cases the 
crystals obtained are very small, so that accurate chemical analysis is 
usually out of the question; their identification by optical methods may 
even be doubtful. 

Hydrothermal syntheses, like the paragenetic relationships investi- 
gated by Van’t Hoff, are determined by the solubility relations of all 
the possible solid phases which may be formed from the components 
present in the solution, even altho the concentration of these components 
in the solution is vanishingly small. Many of the reactions are, without 
doubt, practically restricted to the solid phase, altho they take place 
thru the medium of the solution. These solubility relationships are 
thus not simple; but study of the question is further complicated by the 
frequent appearance of metastable phases, which again is codrdinated 
with the rates of the various possible reactions. Now, as is well known, 
rates of reaction are often affected very greatly by factors which in 
other respects are of altogether minor importance; hence slight differ- 
ences, e.g., in the composition, or even in the texture or fineness of 
grain, of the initial solid phase—may exert considerable influence on the 


520 


= 


ABSTRACTS: PHYSICS 521 


result. These considerations serve to show that there may in certain 
cases be difficulties in the way of always being able to reproduce a given 
result; in order to do this in any case, it is necessary to control carefully 
the amount of water relative to the volume of the containing vessel 
(the degree of filling), the temperature, and, if possible, the pressure 
also. The critical point of water is only a secondary factor in deter- 
mining the nature of the product, its influence being effected principally 
thru the change in concentration of the solvent (liquid or fluid) in the 
neighborhood of the critical point. 2 

The thoro investigation of hydrothermal syntheses is beset with many 
difficulties, apart from the technical problems inherent in operating on 
heterogeneous systems within closed bombs at high temperatures. 
Nevertheless our knowledge of the real relationship of these minerals 
can be advanced materially if care is taken to control the factors in- 
volved, the most important of which are the initial composition of the 
system (including therein the relation between the amount of water and 
the volume of the bomb) and the temperature. G. W. M. and P. N. 


PHYSICS.—Densities at high temperatures. Artuur L. Day, R. B. 
Sosman and J. C. Hostetter. Am. Jour. Sci. (4). 1913. 

The existing and rather conflicting data on the volume change of 
rocks on fusion are reviewed briefly. A method and apparatus is de- 
scribed for the determination of the specific volume of metals or of solid 
or fused silicates from 200° to 1600°. The basis of measurement is the 
expansion of artificial graphite, which was determined from 20° to 1500°. 
Volume curves are given for tin, lead, and the eutectic of lead and tin. 
Measurements were made on quartz up to 1600°. The volume of 
quartz increases more ahd more rapidly as 575° is approached. At this 
point the inversion takes place to the high-temperature form, whose 
volume decreases slightly with rising temperature. Between 950° and 
1250° gasses are given off. Above 1300° the volume is increased greatly 
by the formation of cristobalite. Granite shows the same form of curve 
as quartz. Above 500°, however, it is not possible to obtain its true 
volume expansion because of the shattering and permanent dilation due 
to unequal expansion of the minerals and to escape of gasses. The same 
is true of crystalline diabase. 

The curve of glassy diabase can be obtained, however. The glass 
crystallizes with contraction of volume at about 900°, then begins to 
fuse again at about 1150°. On cooling, the liquid again crystallizes with 
contraction. This behavior explains completely the results of Barus, 
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which have been widely quoted. A recalculation of his data on the 
basis of redetermination of his fundamental volume show them to be in 
good agreement with the new measurements. The bearing of these 
data upon the occurrence of “floated” slabs of rock in the Palisade 
diabase is discussed. A. L. D. 


CHEMISTRY.—A method for the determination of magnesium in cal- 
cium salts. J.C. Hostetter. J. Am. Chem. Soc. 1913. 

The usual methods for the determination of magnesium in the pres- 
ence of calcium are not applicable when the latter element amounts to 
as much as 1000 times that of the magnesium. The essential feature of 
the method here presented is the concentration of the magnesium into 
a precipitate containing but a small amount of calcium. This concen- 
tration is effected by precipitating Mg (OH): with a slight excess of 
solid Ca (OH):. The magnesium in this precipitate is determined as 
pyrophosphate after removal of the calcium by two oxalate precipita- 
tions. Determinations in some 30 highest-grade calcium salts show, 


generally, far more magnesium than reported by the makers. 
J. C. H. 


PHYSICAL CHEMISTRY.—The phenomena of equilibrium between 
silica and the alkali carbonates. Nieeur. J. Am. Chem. Soc., 
35: 1692-1727. 1913. 

This is a record of an experimental investigation of the equilibrium 
between silica and melted alkali carbonate, at temperatures of 900— 
1000° and under a pressure of 1 atm. carbon dioxide. A series of ex- 
periments were made with the carbonates of potassium and sodium, and 
a few with lithium carbonate. The systems R,O-Si0.-CO, (R = K, 
Na, Li), under the above-mentioned conditions behave similarly on the 
whole, and differ only in details. Silica added to alkali carbonate is 
transformed into silicate as long as any carbonate remains. In the 
melts there is equilibrium between carbonate and pairs of silicates, as 
follows: 

I K.CO; + K.Sik0O; 2K,Si0; + CO, 
II Na,CO; + NaSiO; = Na,SiO, + CO, 
III (presumably) 2Li,CO; + LisSi0, = LigSiO, + 2CO, 

The solid phases, which separate from the melts, consist of silicate 
or carbonate, but contain no free silica until the proportion of silica 
exceeds that corresponding to the higher silicate. The amount of car- 
bonate depends only on the ratio R,O/SiO., when external conditions 
are constant; when this ratio becomes identical with that of the silicate 
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richer in silica, the melt is free from carbon dioxide. In each case the 
compound containing more silica is the poorest in silica which can be 
prepared pure at the particular temperature merely by putting to- 
gether carbonate and silica. Moreover, rise of temperature, the pres- 
sure remaining constant, favors the lower silicate. 

The study of systems of this type is important because their behavior 
serves as a simple prototype of that of the magma, which is a highly 
complex system containing both volatile and non-volatile components. 
The so-called “mineralizers” are merely volatile components; the effects 
of their presence differ only in degree from that of the other components. 
The main difference is due to the vastly greater effect of changes of 
pressure and of temperature on the concentration (in the melt) of the 


volatile component, by reason of the close relation of the concentra- © 


tion to that of the gas phase itself. In consequence of this, there is a 
“mobility” of equilibrium which is characteristic of the magma and 
without doubt very closely associated with many aspects of its behavior, 
e.g., with the likelihood of eruption, differentiation, etc. P. N. 


MINERALOGY.—The melting phenomena of the plagioclase feldspars. 
N. L. Bowen. Am. Jour. Sci. (4), 36: 577-599. 1913. 

The method of quenching was applied to the determination of the 
melting intervals of pure, artificial plagioclase feldspars. It was found 
possible to determine accurately the temperatures of beginning of melt- 
ing (solidus) for compositions ranging from pure An to Ab; An, and of 
completion of melting (liquidus) for the range An-AbsAn;. Very pure 
natural material, Bakersvilie oligoclase was used to determine the point 
on the solidus corresponding to its composition. Similar material, Amelia 
County albite, served to fix the melting point of albite. The results of 
this work are summarized below: 


TEMPERATURE OF BEGINNING | TEMPERATURE OF COMP/.ETION 


OGMPOSETION OF MELTING. SOLIDUS } OF MELTING. LIQUIDUS 
1550° + 2° 1550° + 2° 
1465° + 4° 1521° + 2° 
ee 1372° + 4° | 1490° + 2° 
1287° + 4° 1450° + 2° 
1205° + 5° | 1394° + 2° 
1175° + 8° 1362° + 2° 
Ab,An; 1334° + 2° 
1100° | 
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It was also found possible in several instances to determine the com- 
position of the liquid phase, present at temperatures within the melt- 
ing interval, by measuring the refractive index of the quenched glass. 
Thus points on the liquidus were determined by an independent method 
and were found to be in excellent agreement with the results of the 
temperature method. 

In the theoretical discussion, equations are developed which express 
the concentrations on the liquidus and solidus at any temperature in 
terms of the melting temperatures and latent heats of melting of the 
two components. The experimental results therefore make possible the 
calculation of the latent heat of melting of ‘anorthite and of albite. The 
calculated values are 104.2 calories per gram for anorthite and 48.5 
calories per gram for albite and these values remain practically constant 
for all ranges of composition. The calculated latent heat of anorthite 
is in excellent agreement with the figure found by direct measurement, 
105 calories per gram. No direct determinations of the latent heat of 
albite have been made. It is shown that if these values of the latent 
heats are taken and liquidus and solidus curves calculated, the resulting 
curves pass very close to the experimentally determined: temperatures 
(within the limits of error of the temperature measurements). It is also 
shown that values of the latent heats differing from these by as little as 
10 per cent will not give a like result. This extreme agreement with 
the requirements of theory and its bearing on certain theoretical ques- 
tions is discussed. 

The geological significance of the complete solid solution of the feld- 
spars is considered, as well as the extent to which zoning may occur 
under favorable conditions and the consequent great range of tempera- 
ture thru which plagioclase may crystallize. N. L. B. 


PETROLOGY .—Graphical methods in microscopical petrography. 
EvGene Wricut. Am. Jour. Sci. (4), 36: 509-539. 1913. 
_ Experience in microscopical petrography has shown that the results 
furnished by graphical means are, as a rule, sufficiently accurate and 
in accord with the quality of the data of observation. Graphical 
methods in petrography serve three purposes: (1) to solve certain equa- 
tions, (2) to represent data of observation, and (3) to picture certain 
important crystallographical and optical relations. In all these cases 
it is essential: (a) that the graphical means employed represent the 
relations adequately and as free from distortion as possible; (b) that 
they are easy of application, and (c) that wherever possible the func- 
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tions be plotted in such a form that their changes can be represented 
by straight lines. Eight plates, drawn on these principles, are included, 
and furnish solutions for the following equations: 


sin 7 = n sin R, sin? 7 = n? sin’ y, at = sin 3 sin do, 
tan? V, tan Ve = cot A = sin cot C, and 
sin A = sin B: sin C. F. E. W. 


PETROLOGY.—A graphical plot for use in the microscopical determi- 
nation of the plagioclase feldspars. FRrep. EUGENE WricHt. Am. 
Jour. Sci. (4), 36: 540-542. 1913. 

On this plot the changes in the optical properties of the plagioclase 
feldspars with chemical composition are indicated by a set of curves, 
- the purpose being to furnish the petrologist, in convenient form and 
on a single sheet, all the constants essential for the accurate determina- 
tion of the plagioclase feldspars in thin rock sections. A new set of 
curves for the extinction angles on sections showing symmetrical carls- 
bad-albite twinning is included, the values having been derived graph- 
ically from the best available measurements on plagioclase feldspars. 


PETROLOGY.—Oblique illumination in petrographic microscope work. 
Frep Eveene Wricut. Am. Jour. Sci. (4), 36: 63-82. 1913. 

The study of interference phenomena resulting from oblique illumina- 
tion between crossed nicols enables the observer to determine many 
optical features in a given mineral plate. These phenomena are iden- 
tical, so far as interference colors go, with the phenomena obtained in 
interference figures from the same plate in convergent polarized light. 
The study of mineral plates by the method of oblique illumination is of 
value because it impresses the mind of the observer with the interde- 
pendence of optical and crystallographic properties. It is, however, 
highly important that the observer realize the essential agreement be- 


tween the phenomena observed in oblique illumination and those seen — 


on interference figures in convergent polarized light. In the inter- 
ference figures the interference color phenomena are seen at a glance, 
and if they be studied with reference to the position of the mineral 
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from which they are obtained, all of the conclusions to be ascertained 
by means of the method of oblique illumination can also be derived 
with even greater facility from the interference figure. For the study 
of interference phenomena the method of oblique illumination does not 
offer any special advantages over the convergent polarized light method, 
but it does present certain disadvantages in manipulation and in the 
distinctness of the phenomena observed which cannot be disregarded 
entirely. This is especially true if oblique illumination be obtained by 
use of a stop in the eye circle of the ocular as recently suggested by 
Schneiderhéhn. 

In this paper, the phenomena produced by obiique illumination are 
discussed in some detail. Attention is directed to an obvious but im- 
portant fact, too often disregarded in petrographic microscope work, 
that for the accurate measurement of extinction angles central illumina- 
tion by parallel plane-polarized light is highly essential. Satisfactory 
measurements of extinction angles cannot be made when the section is 
illuminated by a strongly convergent cone of light, incident under all 
angles and in all azimuths, F. E. W. 


GEOLOGY.—The volcanic cycles in Sardinia. H. S. Wasxineton. 
Comptes Rendus Congrés Géologique International XII, Toronto, 
1913. 

The volcanoes of northwestern Sardinia were studied in the autumn 
of 1905. They belong to three distinct periods, with interesting lavas, 
which show very marked cycles, or recurrent successions of characters, 
in their eruptions. These lavas are now being studied, and are to be 
described soon, along with some forty analyses, in a series of papers. 

Taking these volcanoes as a text, some broad subjects of modern 
petrology are discussed briefly. It is pointed out that, while no one 
sequence of types is generally applicable, the sequence seems to vary 
with the magmatic character and usually closes with basalts, tho any 
generalizations must be rather hazardous owing to the inherently ac- 
cidental character of the rock sequences observed by us. A change in 
the character of the magma and in the volcanic cycles seems to be con- 
nected with a change in the mode of voleanicity, the relation being pos- 
_ sibly a causal one, but the inadequateness of present data for such studies 
is pointed out. The so-called Atlantic and Pacific tribes of rocks are 
briefly discussed and objections raised against them, it being urged 
among other things that it is illogical and unjustified to select only two 
types for contrast to the exclusion of others equally important. In con- 
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clusion, the importance of further and more detailed systematic study 
of volcanoes, the need of numerous chemical analyses, the importance 
of the application of physico-chemical research to petrological problems, 
and the magnitude and complexity of such future investigations, are 
insisted on. H. S. W. 


GEOLOGY.—The general principles underlying metamorphic processes. 
Joun and J. Geol. 21: 481-516. 1913. 
This paper is an endeavor to set forth the most important general 
principles concerned in rock metamorphism—a general term which in- 
cludes a number of special cases all of which, however, differ only in 
the degree of predominance of one (or more) of a definitely limited 
group of effective factors. These factors are: temperature, uniform 
pressure, stress (non-uniform pressure), and gross composition of the 
system at the time of metamorphism; the same, namely, which determine 
the equilibrium of the relatively simple chemical systems hitherto in- 
vestigated experimentally. The knowledge gained from a study of 
these simple systems may be used as a basis for a prediction of the 
general character and significance of metamorphic processes; tho in 
applying the principles one must always bear in mind th se circum- 
stances which oppose the attainment of a state of true equilibrium, 
such, for example, as slowness of reaction or the formation of metastable 
intermediate products. 

Now, altho the general character of the process may be predicted, 
no particular statement as to the effects produced in a given system 
by change of any of the above factors can yet be made, owing to lack 
of the requisite quantitative data. In this connection, it is to be noted 
that the general application of experimental results which obtain for 
a given system under given external conditions, to another system under 
similar conditions, or even to the same system under widely differing con- 
ditions, is subject to considerable limitation. Conclusions drawn from 
such extrapolation of experimental evidence will commonly be of little 
value, and may be altogether misleading ; moreover, one may as well guess 
the final result as arbitrarily choose the data required in calculating it. 
From this we see that the application of the above simple principles, 
which determine rock metamorphism, to the complicated rock systems 
will be no simple matter, but will require extended experimental investi- 
gation and a long time. In such investigation the first thing necessary 
is a definite conception of the general processes of rock metamorphism; 
this it was the purpose of the authors to present. The choice of par- 
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ticular problems in this large field will doubtless be aided greatly by a 
study of natural mineral associations from the physical chemical stand- 
point, a study which at the same time will certaily provide us with 
information bearing directly on the problems at issue. J. J. and P. N. 


GEOLOGY.—Geology of the Koyukuk-Chandalar region, Alaska. A. G. 
Mappren. U.S. Geological Survey Bulletin 532. Pp. 116, with 
maps and views. 1913. 

The Koyukuk-Chandalar Region, as here described, embraces the 
greater part of two coextensive basins, situated north of the Arctic 
Circle, from which flow the Koyukuk and Chandalar Rivers, large north- 
ern tributaries of the Yukon River. Placer gold bearing gravels occur 
along the upper branches of several of the principal tributaries of these 
large rivers, and the exploitation of these deposits since 1899, with a 
total production of about $3,000,000, has given the region its economic 
importance and the distinction of being one of the northernmost gold 
mining districts in the world. Gold lode deposits also occur about the 
sources of Big Creek in the Chandalar Valley. 

The general geology of these two basins is similar. The bedrock 
consists largely of a complex of highly metamorphosed schistose, prob- 
ably pre-Cambrian or early Cambrian, sediments of mica-quartz, quartz- 
itic, and phyllitic types. In these schists granitic intrustives of late 
Cretaceous or early Tertiary age occur, which are in part metamorphosed 
but in part also comparatively unaltered. The mineralization, that 
has been locally induced by some of these intrusives, appears to be 
largely accountable for the gold. Across the central part of the region 
extends a belt of more or less metamorphosed sediments, largely made 
up of cherts and fine-grained quartzites, considered to be of Devonian 
age. The northern mountainous belt of the region is largely occupied 
by a thick series of massive, probably Carboniferous, crystalline lime- 
stones in which are some thinner beds of semi-schistose sediments. In 
the southwestern part of the region the central Koyukuk Valley is 
occupied by Cretaceous sediments, largely marine and unmetamor- 
phosed, but considerably folded and somewhat faulted. Only one small 
isolated area of Tertiary sediments is known. It is on upper Dall 
River and contains at least one bed of lignite. There are also some 
horizontal basaltic and andesitic flows in the southern part of the dis- 
trict which are probably of late Tertiary or early Quarternary age. 

The mountainous northern half of the region has been heavily glaci- 
ated. The headwater valleys, both of the Chandalar and Koyukuk 
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basins, owe their present bed rock configuration to the erosion effected 
by long valley glacier ice streams that had their sources on the Arctic 
divide and flowed southward. Upon the retreat of these valley glaciers, 
which have now entirely disappeared from this part of the Arctic 
Mountains, widespread deposits of glacial outwash gravels, sands, and 
silts were left along the large valley. The present large streams have 
dissected and aggraded their flood plains but large quantities of the 
older gravels still remain as wide sloping terraces. In many cases the 
gold-bearing gravels represent old pre-glacial stream gravels. These 
deposits are now buried under silts and recent stream gravels and are 
mined by shafts and drifts. But most of the gold production has been 
from shallow deposits of gravel along the present streams. A. G. M. 


GEOLOGY.—Ore deposits of the Helena mining region, Montana. 
Apotrn Knorr. Bulletin U. 8. Geological Survey No. 527. Pp. 
143, with maps, sections, and illustrations. 1913. 

The Helena mining region is an area of 1300 square miles in south- 
western Montana. The oldest rocks consist principally of sediments 
ranging in age from Algonkian to Cretaceous. They include mainly 
limestone, shale, and quartzite and lie in angular accordance from the 
lowermost member to the top of the series. They are conformably 
overlain by andesite and latite lavas and breccias of probable late Cre- 
taceous age. These older rocks were invaded by a large granite mass 
which forms the northern extension of a great intrusion in southwestern 
Montana, known as the Boulder batholith. Large intrusions of aplite 
in irregular masses and dikes followed the main irruption. They are 
commonly tourmaliniferous, and in places, notably so. In late Miocene 
time, a series of dacites, consisting of lavas, tuffs and breccias, locally 
at least 2400 feet thick, were extravasated upon the deeply eroded sur- 
face of the granite and older rocks. 

The. ore deposits of the region fall into two distinct groups, widely 
separated in time of origin. The older are late Cretaceous or early 
Tertiary in age, the younger are post-Miocene. The ore bodies of the 
first period of mineralization are mainly argentiferous lead and gold- 
silver deposits. They have furnished the greater part of the production 
of the region; in fact, the value of their output has been roughly three 
times that of the post-Miocene deposits. The argentiferous lead de- 
posits constitute the prevailing type of ore body of the older group. 
They are situated as a rule near the contact of the granite and the rocks 
invaded by it, and are replacement-fissure lodes containing galena, sphal- 
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erite, pyrite, and arsenopyrite. They are commonly tourmaliniferoug. 
In certain deposits, as at Rimini, tourmaline is extremely abundant; 
in fact, it occurs there in the same abundance that characterizes the 
tin lodes of Cornwall. Three types of tourmalinic lodes with transi- 
tions between them are recognized—lead-silver, copper-silver, and gold. 
The predominant is the tourmalinic lead-silver, a type peculiar to the 
region, so far as shown by the literature of ore deposits. The ores were 
formed at high temperatures, and it is regarded as probable that the 
ore-forming solutions were a final differentiation product of the granitic 
magma. 

The ore bodies of post-Miocene age are essentially precious-metal 
deposits. They are characterized by the tendency of the quartz gangue 
to display a cryptocrystalline development, either flinty, chalcedonic, 
or densely saccharoidal, resembling porcelain. Equally characteristic 
is the thinly lamellar calcite of the gangue and its pseudomorphic re- 
placement by quartz, forming a type of ore common in so many of the 
late Tertiary gold fields of the Western States. In common with these 
the tenor of the ores decreases abruptly below the 500-foot level. These 
deposits are typically developed in the upper Miocene dacites of Low- 
land Creek, but their analogues at Marysville have furnished the bulk 
of the output. A. K. 


PALAEONTOLOGY.—Cambrian Holothurians. Austin H. Cuark. 
American Naturalist 47: 488-507. August, 1913. 

Among the remarkable organisms described from the Cambrian of 
British Columbia during the past year by Dr. Walcott were a number 
which he referred to the Holothuroidea, the most extraordinary of 
these being a pelagic animal called by him Eldonia ludwigi. As the cor- 
rectness of the determination of these creatures as holothurians was 
questioned in a review by Dr. Hubert Lyman Clark, the present author 
was led to reply to his criticism for the reason that, as stated-in Dr. 
Walcott’s original paper, it had been he who first suggested the possi- 
bility that Eldonia might be a holothurian, tho he had not at the time 
examined the other specimens. 

Dr. Walcott, Dr. Hubert Lyman Clark and the present author all 
made independent investigations upon the material in question, and 
the last mentioned was led to the following conclusions: Eldonia is a 
free-swimming holothurian, and is most closely related to the species 
of the family Elpidiidae. In body form alone does Eldonia resemble a 
medusa; this general resemblance may therefore be safely disregarded 
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as a parallelism resulting from a similar pelagic habit. In the general 
shape of the body as well as in the course of the digestive tube Eldonia 
approaches T'rochosphaera (and trochophore larvae); but the enormous 
discrepancy in size, the broad fringe about the body, the large tentacles 
on either side of the mouth, the absence of muscles of the group type 
characteristic of the rotifiers, and the submarginal anus, seem to nega- 
tive the idea that the two can be in any way related. The medusoid 
body form, the absence of a protrusible proboscis and the presence of 
a large branched tentacle on either side of the mouth appear to offer 
conclusive evidence that Eldonia cannot bea worm. The digestive tube 
of Eldonia resembles that of the heteroradiate echinoderms, and espe- 
cially that of certain holothurians; the tentacles on either side of the 
mouth suggest an affinity with the holothurians; the radial canals 
leading to a central ring are comparable to the radial canals and the 
central ring of the holothurians; the broad circular muscle about the 
body suggests a modified longitudinal holothurian muscle, and is of 
the group type characteristic of the echinoderms; the broad brim about 
the body is strikingly similar to the brim developed in certain elpidiid 
holothurians, such as Euphronides tanneri and Scytoplanes typicus. A 
pelagic holothurian is known as an inhabitant of the recent seas; tho 
very different in origin and in affinities from Eldonia it demonstrates 
that a pelagic habit is not impossible in the group. The species of the 
family Elpidiidae are preéminently inhabitants of the deep sea; this 
suggests that the fossil representatives of the family should be found in 
very early geological formations. Therefore Eldonia is a pelagic holo- 
thurian, related to the species of the family Elpidiidae. 

No marine animals are known outside of the holothurian family El- 
pidiidae which have a body form like that of Louisella pedwnculata in 
all its details; but this species agrees in every particular with one or 
other of the species in that family. We cannot, therefore, escape the 
conclusion that Louisella pedunculata should find a place in the family 
Elpidiidae along with all the recent animals which in any way resemble 
it. 


By exactly the same reasoning Laggania cambria is assigned to a 
position in the same group. 

The type specimen of Mackenzia costalis shows a pleated structure 
which can only be interpreted as due to longitudinal mesenteries, prob- 
ably eight in number; there appear to have been sixteen processes 
around the mouth which probably indicate tentacles retracted before 
preservation; the distal portion of the body resembles closely the distal 
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portion of the body in the genus Edwardsia. Thus, as Mackenzia cos- 
talis presents characters not found outside of the Zoantharia, and in 
that group peculiar to the family Edwardsiidae, it seems necessary 
to assign it to a position in the family Edwardsiidae, near the genus 
Edwardsia. 
In brief the disposition of these fossils is as follows: 
- Holothuroidea 
Family Elpidiidae 
Genus Laggania 
Genus Louisella 
Family Eldoniidae (near the Elpidiidae) 
Genus Eldonia 
Zoantharia 
Family Edwardsiidae 
Genus Mackenzia. 


A. H. C. 


BOTAN Y.—Feroniella, genre nouveau de latribu des Citreae, fondé sur le 
F. oblata, espéce nouvelle de Indo-Chine. T. SwINGLeE. 
Bull. de la Soc. bot. de France, 69: 774-783. Fig A, Pl. 18. No. 
8, séances novembre-décembre, 1912. Pub. Feb. 18, 1913. . 

To the eight known species of hard-shelled citrous fruits, comprising 
four genera, is added a ninth species, Feroniella oblata, from Cochin- 
china, the type of a new genus Feroniella. This genus resembles Fe- 
ronia in having pinnate leaves, large flowers and one-celled fruits due 
to the fusing of the 5 to 6 ovary cells, and differs from it in having 
twice the number of stamens (four times as many as the number of 
petals), filaments with hairy basal appendages, smooth seeds, and the 
epicarp composed of radially disposed prismatic elements. Appen- 
dices to the filaments are not known in any other plant hitherto studied 
of the tribe Citreae. The hairs of the appendices become entangled 
and form a sort of cup, protecting the base of the ovary from insects 
too small to effect pollination. The structure of the epicarp of the 
fruit also differs in its radially disposed woody structure from that of 
the other genera of this tribe. 

The type of the genus, Feroniella oblata, takes its specific name from 
the shape of the fruit which is a flattened spheroid like a mandarin 
orange. A cross section of the fruit is figured and an excellent plate 
shows a twig with leaves and flowers, giving the flower structure in 
detail. This tree, which attains a height of 8 to 20 meters, is found 
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thruout Cambodia and also occurs in Cochinchina, central Laos and 


eastern Siam. 
Feronia lucida Scheff. is transferred to this genus, becoming Feroni- 
ella lucida (Scheff.) Swingle. Mauve KELLERMAN. 


ZOOLOGY.—Revision of the crinoid genus Himerometra. Austin Ho- 
BART CLARK. Proceedings of the U. 8. National Museum, 46: 
279-289. 1913. 

This paper includes a history of the genus, a list of all the references 
to the included species, correctly identified, a key to the species, a list 
of the six species with the synonymy, range and depth of each, and 
a discussion of the phylogenetical interrelationships within the group. 

This genus differs from the more closely related genera in having the 
proximal or lower pinnules very much enlarged, with the first the longest 
and the following decreasing in size. There are three specific groups 
within the genus of two species each, distinguished by different stages 
in the specialization of the lower pinnules. In the first, least special- 
ized, group these pinnules are scarcely stouter than in the allied genera, 
but they are long and flagellate, the first being the longest. This group 
ranges from the East Indies to the Persian Gulf. In the second group 
the lower pinnules are very stout, but they possess a flagellate tip. This 
group ranges from the East Indies to the Maldive Islands. In the 
third, most specialized, group the lower pinnules are extremely stout, 
and end abruptly without a flagellate tip. This group occurs from the 
Moluccas and the Philippine Islands to the Mergui Archipelago. In 
all of the three groups the more specialized of the two species occurs 
in the Malay Archipelago. A. H. C. 


TECHNOLOGY.—The metric carat. Bureau of Standards Circular 
No. 43. 

After July 1, 1913, the metric carat of 200 mgms. is recognized as the 
standard of weight for diamonds and other precious stones and this 
standard will be used in the certification of all carat weights submitted 
to the Bureau after that date. The Treasury Department also adopted 
this standard on the same date for use in the customs service in levying 
the duties on gems. The change from the former uncertain and in- 
definite carat weight, usually equal to about 205.3 mgms., to the defi- 
nite and impler metric carat was facilitated in the United States by the 
joint action of all the large dealers in diamonds, pearls and other pre- 
cious stones, who, realizing the chaotic condition due to the various 


q 
‘ 
i a 

= 

a 


534 ABSTRACTS: TECHNOLOGY 


weights used as a carat, after recommendation by the International 
Bureau of Weights and Measures and the Bureau of Standards decided 
upon the metric carat as the solution of the difficulty and decided to 
put its use into effect on the same date. Until recently nearly every 
civilized country of the world has used a different standard of weight 
for diamonds. Many of the nations, however, have lately adopted the 
one unit of a carat of 200 mgms., and Spain, Italy, Bulgaria, Denmark, 
Norway, Japan, Portugal, Roumaia, Switzerland, Sweden, France, Ger- 
many, Holland and Belgium are in the list with the United States of 
those countries which now have the new international standard. In 
England the change has not yet been adopted. 

The circular gives complete tables by which weights in the old carats 
can be determined in terms of the new unit and vice versa, and also 
calls attention to the need of more accurate weighing of precious stones 
because of their great value and especially of greater care of the bal- 
ances and weights used for the purpose. R. Y. Ferner. 
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PROCEEDINGS OF THE ACADEMY AND AFFILIATED 
SOCIETIES 


THE PHILOSOPHICAL SOCIETY OF WASHINGTON 


The 726th meeting was held on May 24, 1913, at the Cosmos Club, 
Vice-President Bowie in the chair; 33 persons present. 

Mr. C. G. AsBor presented a paper on Results of measurements of 
solar radiation. The essential features of this paper are presented in the 
article on The variations of the sun by ABBot, TowLE and ALDRICH pub- 
lished in this Journal,3: 309-315. 1913. Messrs. HumpHreys, Pavut and 
Hersey discussed the paper. 

Mr. A. W. Gray then spoke on The control of temperature in an elec- 
tric furnace. After a brief review of previous experiments to secure uni- 
formity of temperature in an electrically heated air column by using the 
central portion of a sufficiently long tube and by crowding the windings 
near places where heat was lost most rapidly, the speaker described a 
development of the electric furnace. The independently heated end 
plugs of the earlier pattern were retained; two concentric cylindrical 
heaters of nichrome ribbon, wound longitudinally and separated by air 
and asbestos, supplied heat uniformly for entire length of the interior. 
The new winding distributes any irregularities in resistance in such a 
way as not to affect the longitudinal distribution of temperature, is non- 
inductive, limits difference of potential between adjacent windings to 
drop occurring in a length of ribbon twice as long as furnace, limits to 
this length the amount of ribbon that can be accidentally short-circuited, 
and brings out both terminals of a heater at same end of furnace and 
diametrically opposite. Lantern slides were presented showing results 
under various conditions. A further improvement consisted in moving 
heating coils of plugs to extreme ends of furnace, making it easy to 
secure uniformity of temperature within a few tenths of a degree over 
at least twice the length of the furnace. The paper was discussed by Mr. 
White as to point of highest temperature and mechanical details. At 
10.00 p.m. the meeting adjourned. 


The 727th meeting was held on October 11, 1913, at the Cosmos Club, 
Vice-President Bowie in the chair; 41 persons present. 

Mr. L. J. Briaes presented a paper giving the results of an investiga- 
tion by himself and Mr. H. L. SHanrz on The water requirements of plants. 
The governing conditions determining the absorption of water by the 
roots of plants, its translocation thru the stems, and its final evaporation 
from the leaves were first discussed. Attention was directed to peculiar 
structural modifications found in certain plants, which are apparently 
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for the purpose of reducing the loss of water. In view of these changes, 
wide variations as regards efficiency in use of water by different plants 
might be expected. The authors found this to be the case. The amount 
of water transferred is very great compared with the dry matter pro- 
duced. In the experiments direct evaporation from the soil was pre- 
vented by the use of perforated covers, the openings about the stems of 
the plants being sealed with wax. Six pots were used for each variety, 
to provide a basis for calculating the probable errors of the water require- 
ment ratios. The water requirement is profoundly modified by differ- 
ences in climatic environment. The average for 25 varieties grown at 
Akron, Colorado, in 1912 was only 79+2 per cent of that of the same vari- 
eties in 1911, while the evaporation in 1912 was 78 + 2 per cent of that 
in 191f. Paper was illustrated by photographs and lantern slides. 
Upon request of the chair, Mr. SHantz made some additional remarks 
concerning the investigation. Botanists were interested in this question 
as early as 1699. The paper was discussed by Messrs. Bowrr, Curtis, 
CosLEeNnTz, HuMpHREYs, and WENNER. 

Mr. M. D. Hersey then gave a brief review of the Birmingham meeting 
of the British Association. In the Engineering Section great interest was 
shown in the discussion of complex stress distribution and failures and in 
report on electrical units and nomenclatyre. In the Physical and Mathe- 
matical Section the papers dealt chiefly with modern theories of radia- 
tion. Reference was made to the Presidential and Vice-Presidential 
addresses and the relatively greater importance attached to the social 
and general features than with the American Association. 

Upon the suggestion of Mr. Hersey, the chair invited Mr. W. F. G. 
Swann to give informally brief abstracts of his papers before the Bir- 
mingham meeting on The electrical resistance of thin metallic films and on 
The expression for the electrical conductivity of a metal. The first give a 
theory to explain the abnormally high apparent specific resistance of a 
very thin film, while the second called attention to the fact that Drude’s 
expression requires a correction in coefficient in denominator from 4 to 3. 
At 10 p.m. the meeting adjourned. 


The 728th meeting was held on October 25, 1913, at the Cosmos Club, 
Vice-President Bowie in the chair; 30 persons present. 

Mr. J. H. DELLINGER presented a paper on The measurement of high 
frequency currents. Three effects made use of in such measurements are 
electro-dynamic, electro-static, and thermal. The last is most success- 
fully and generally used and four methods involving this effect were dis- 
cussed. The different appliances, experimental apparatus, and standard 
instruments were briefly described. The theoretical considerations and 
formulae were discussed. The conclusions drawn were that circuit of 
ammeter must be simple, the straight wire type of instrument is superior, 
and that errors may be eliminated by use of high resistance. The paper 
was discussed by Messrs. OLSHAUSEN and Rosa. 

Mr. F. W. We ts then presented by invitation a paper entitled 
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The 726th meeting was held on May 24, 1913, at the Cosmos Club, 
Vice-President Bowie in the chair; 33 persons present. 

Mr. C. G. Assor presented a paper on Results of measurements of 
solar radiation. The essential features of this paper are presented in the 
article on The variations of the sun by ABBot, TowLE and ALDRICH pub- 
lished in this Journal,3: 309-315. 1913. Messrs. HumpHreys, Paut and 
Hersey discussed the paper. 

Mr. A. W. Gray then spoke on The control of temperature in an elec- 
tric furnace. After a brief review of previous experiments to secure uni- 
formity of temperature in an electrically heated air column by using the 
central portion of a sufficiently long tube and by crowding the windings 
near places where heat was lost most rapidly, the speaker described a 
development of the electric furnace. The independently heated end 
plugs of the earlier pattern were retained; two concentric cylindrical 
heaters of nichrome ribbon, wound longitudinally and separated by air 
and asbestos, supplied heat uniformly for entire length of the interior. 
The new winding distributes any irregularities in resistance in such a 
way as not to affect the longitudinal distribution of temperature, is non- 
inductive, limits difference of potential between adjacent windings to 
drop occurring in a length of ribbon twice as long as furnace, limits to 
this length the amount of ribbon that can be accidentally short-circuited, 
and brings out both terminals of a heater at same end of furnace and 
diametrically opposite. Lantern slides were presented showing results 
under various conditions. A further improvement consisted in moving 
heating coils of plugs to extreme ends of furnace, making it easy to 
secure uniformity of temperature within a few tenths of a degree over 
at least twice the length of the furnace. The paper was discussed by Mr. 
White as to point of highest temperature and mechanical details. At 
10.00 p.m. the meeting adjourned. 


The 727th meeting was held on October 11, 1913, at the Cosmos Club, 
Vice-President Bowie in the chair; 41 persons present. 

Mr. L. J. Briags presented a paper giving the results of an investiga- 
tion by himself and Mr. H. L. SHanrz on The water requirements of plants. 
The governing conditions determining the absorption of water by the 
roots of plants, its translocation thru the stems, and its final evaporation 
from the leaves were first discussed. Attention was directed to peculiar 
structural modifications found in certain plants, which are apparently 
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for the purpose of reducing the loss of water. In view of these changes, 
wide variations as regards efficiency in use of water by different plants 
might be expected. The authors found this to be the case. The amount 
of water transferred is very great compared with the dry matter pro- 
duced. In the experiments direct evaporation from the soil was pre- 
vented by the use of perforated covers, the openings about the stems of 
the plants being sealed with wax. Six pots were used for each variety, 
to provide a basis for calculating the probable errors of the water require- 
ment ratios. The water requirement is profoundly modified by differ- 
ences in climatic environment. The average for 25 varieties grown at 
Akron, Colorado, in 1912 was only 79+ 2 per cent of that of the same vari- 
eties in 1911, while the evaporation in 1912 was 78 + 2 per cent of that 
in 191f. Paper was illustrated by photographs and lantern slides. 
Upon request of the chair, Mr. SHanrz made some additional remarks 
concerning the investigation. Botanists were interested in this question 
as early as 1699. The paper was discussed by Messrs. Bowrzn, CurrIs, 
CosBLENTz, HumMpHReEys, and WENNER. 

Mr. M. D. Hersey then gave a brief review of the Birmingham meeting 
of the British Association. In the Engineering Section great interest was 
shown in the discussion of complex stress distribution and failures and in 
report on electrical units and nomenclatyre. Inthe Physical and Mathe- 
matical Section the papers dealt chiefly with modern theories of radia- 
tion. Reference was made to the Presidential and Vice-Presidential 
addresses and the relatively greater importance attached to the social 
and general features than with the American Association. 

Upon the suggestion of Mr. Hersey, the chair invited Mr. W. F. G. 
Swann to give informally brief abstracts of his papers before the Bir- 
mingham meeting on The electrical resistance of thin metallic films and on 
The expression for the electrical conductivity of a metal. The first give a 
theory to explain the abnormally high apparent specific resistance of a 
very thin film, while the second called attention to the fact that Drude’s 
expression requires a correction in coefficient in denominator from 4 to 3. 
At 10 p.m. the meeting adjourned. 


The 728th meeting was held on October 25, 1913, at the Cosmos Club, 
Vice-President Bowie in the chair; 30 persons present. 

Mr. J. H. DELLINGER presented a paper on The measurement of high 
frequency currents. Three effects made use of in such measurements are 
electro-dynamic, electro-static, and thermal. The last is most success- 
fully and generally used and four methods involving this effect were dis- 
cussed. The different appliances, experimental apparatus, and standard 
instruments were briefly described. The theoretical considerations and 
formulae were discussed. The conclusions drawn were that circuit of 
ammeter must be simple, the straight wire type of instrument is superior, 
and that errors may be eliminated by use of high resistance. The paper 

was discussed by Messrs. OLSHAUSEN and Rosa. 

Mr. F. W. We ts then presented by invitation a paper entitled 
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Interpreting irregular data. The manifestations of nature are of utmost 
irregularity; of all sciences, that of agriculture is richest in data but 
poorest in correlation. The most generally used method for discussion is 
that of averages, but in biological and other fields this method is of little 
value. The author has been quite successful in the application of the 
integral of the probability curve to data of this character. Lantern 
slides were shown to illustrate such application to data for turbidity of 
Washington water before and after operation of filtration plant, and to 
data showing number of leucocytes in morning and evening milk. The 
paper was discussed by Messrs. Hersry and Swann. 

Upon invitation of the chair, Mr. C. E. St. Jonn, of the Mt. Wilson 
Solar Observatory, gave an informal report upon the social and scientific 
features of the recent conference of the Solar Union at Bonn. He ab- 
stracted briefly each day’s proceedings. Reports were given by various 
committees on solar radiation; standard wave lengths; solar atmosphere; 
solar rotation, sun-spots and eclipses, and magnetic state of the Sun. 
The speaker referred particularly to the favorable reception accorded 
the work of Abbott and to the fact that the American contingent of 
workers is bearing its fair share in the development of solar research. 
The chair expressed the thanks of the Society to Mr. St. John for the 
report. At 10.00 p.m. the meeting adjourned. 

J. A. Fuemina, Secretary 


THE GEOLOGICAL SOCIETY OF WASHINGTON 


The 270th meeting of the Society was held in the Cosmos Club on 
April 23, 1913. : 
An informal communication was presented by B. 8. Butter on Basic 
ferric sulfates in Utah. 
; REGULAR PROGRAM 


A remarkable skeleton of Stegosaurus (illustrated): C. W. Grimore. 
The type specimen of Stegosaurus stenops recently prepared and placed 
on exhibition in the U. 8. National Museum constitutes the most per- 
fect skeleton of this remarkable dinosaur everfound. It is also unique 
in being the first specimen to give positive evidence as to the position 
and arrangement of the large dermal plates with which, in life, its back 
was adorned. The position of the various parts of the skeleton, as ex- 
plaining the manner of death, and entombment of this particular speci- 
men were discussed. 

The facts relating to the dermal armor which now appear to be es- 
tablished from this preliminary study are: (1) That the armor of the 
neck, back, and tail was formed by two rows of erect plates, the ele- 
ments of one row alternating with those of the other; (2) that the total 
number of plates in the two rows was not less than 20 and not more 
than 22; (3) that the position of the largest plate of the series appears 


» to be above the base of the tail and not over the pelvis; (4) that the 


usual number of dermal spines on the tail is four arranged in two pairs. 
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A microscopic study of sulfide ores of copper (illustrated): L. C. 
Graton. This paper is presented in full in the Bi-monthly Bulletin of 
the American Institute of Mining Engineers. 1913. 

The 27ist meeting of the Society was held in the Cosmos Club on 
May 14, 1913. 

Reconnaissance of the Lower Fraser River, B.C.: N. L. Bowen. The 
speaker examined the region bordering on the Fraser River from Lyt- 
ton to Vancouver, British Columbia, during the summer of 1912, for the 
Geological Survey of Canada. The section crosses the Coast-Cascade 
uplift. The oldest rocks are highly disturbed argillites and quartzites 
with thin beds of limestone and associated volcanic rocks which are 
correlated on lithologic grounds with the Cache Creek group of Penn- 
sylvanian age. With these are infolded a series of banded gray argil- 
lites which have yielded a single Mesozoic fossil and which are consid- 
ered probably Jurassic. These latter have formerly been described by 
G. M. Dawson under the name Boston Bar group and tho he considered 
them probably Palaeozoic, the name is retained. Both of these earlier 
series strike, as a rule, northwestward and commonly have high dips. 
They have been invaded by Upper Jurassic granites which are generally 
somewhat sheared and in places have become typical gneiss. On the 
western flank of the Coast Range, near Agassiz and Chilliwack, occurs 
a sedimentary series which is probably also Jurassic, tho much less 
metamorphosed than its supposed eastern equivalent (Boston Bar group). 
The beds have yielded only indefinite Mesozoic fossils. The chief rock 
types are conglomerate, argillite, usually black, and limestone with a 
possible basal member of quartz porphyry. The strikes are north- 
eastward, a rather unusual strike in the Cordillera. 

Lower Cretaceous rocks, characterized by a moderate degree of dis- 
turbance, occupy a down-faulted belt running roughly parallel to the 
valleys of Fraser and Anderson rivers. The structure within the belt 
is synclinal. The rocks are dominantly clastic; arkose, argillite, and 
conglomerate making up the group, locally termed the Jackass Moun- ‘ 
tain group. Later batholithic rocks, provably Upper Cretaceous, 
occupy a wide belt near Hope and Agassiz. They differ from the Ju- 
rassic granites in being fresh and unsheared, and the dominant types 
are granodiorite, quartz diorite, and diorite with a later alkaline granite 
probably separated from the other types by a considerable time interval. 
The Jurassic and the Cretaceous batholiths make up the Coast Batho- 
lith. The Eocene beds of the Puget group occurring in the lower courses 
of the Fraser are clearly younger than all the rocks heretofore men- 
tioned including the later batholiths. They are slightly disturbed and 
consist, on the whole, of little indurated beds of sandstone, conglomerate, 
and shale, presumably of estuarine character. The whole region with 
oa exception of the higher peaks was covered with the Cordilleran ice 
sheet. 

Some special features of the glaciation of the Catskill Mountains: H. 
E. Merwin. Many of the rounded peaks of the Catskills reach heights 
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of nearly 4000 feet above the sea and above the Hudson-Mohawk low- 
land east and north. Glacial striae have been found on the tops of 
some of these peaks, but the peak farthest south, Slide Mountain, al- 
titude 4200, is covered with loose residual gravel. The Catskills are 
unique in having several long deep valleys trending across the path of 
the main ice movement. These head in the bold escarpment above the 
Hudson valley, and drain westward. From their heads passes open 
about 2000 feet above the [Hudson valley. During the period of ice 
retreat tongues of ice from the lobe in the Hudson valley flowed thru 
the passes down the valleys producing deposits which simulate accumu- 
lations from local glaciers. In hollows between spurs on the north sides 
of some of the peaks masses of ice entering from the north seem to have 
been cut off. Against these stagnant masses, yearly advances of the 
main ice tongues made deposits which are now barriers between the 
spurs. 

The present attitude of German geographers toward W. M. Davis’ 
explanatory description of land forms: Francois E. Matrues. (No 


abstract.) 
Raupu W. Ricuarps, Secretary. 


ANNOUNCEMENT OF MEETINGS 


CHEMICAL SOCIETY OF WASHINGTON 
(Local Section American Chemical Society) 


The 233d meeting will be a special meeting, to be held at the Cosmos 
Club at 8.15 p.m., Monday, December 22. Professor Ear. B. PHELPs, 
of the Hygienic Laboratory will lecture on “Recent Advances in Sewage 


Chemistry.” 
Rosert B. Sosman, Secretary. 
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ERRATA 


Page 39, table, columns 1 and 2, for “camphor” read ‘‘thymol’’; for ‘‘thymol’’ 
read “‘camphor’’; column 4, for ‘‘23” read ‘‘77’’; column 5 omit ‘77’ and the 
last “‘100’’; column 6, below ‘‘50’’ insert ‘‘23’’ and ‘‘100’’. 


Page 249, second line from top read 
“F. H. Tucker” instead of “F. H. Turis.” 
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